13-12
activity to be released (Uyeta e£ aJ., 1981).  The flavonols quercetin,
kaempferol, and myricetin have recently been shown to account for most
of the mutagenic activity of an acid hydrolysate of green tea (Uyeta et
al., 1981).  Grape juice was also found to be mutagenic to strain TA98,
^although only when tested with fecal extracts containing glycosidases
(Tamura e± al., 1980).
Mutagenic activity has also been detected in concentrates of 17 out
of 27 commonly consumed Chinese alcoho^c beverages, mostly fermented
from rice, glutinous rice, and barley (Lee and Pong, 1979).  The muta-
genic spirits were those that had been distilled only once or to which
herbs or meat had been added.  Evaporated residues from 12 out of 13
Japanese, Scotch, and North American whiskies were found to contain
mutagenic activity (Nagao et^ aJN , 1981).  This activity did not require
the addition of glycosidases or mammalian enzymes.  It was mutagenic to
JL' typhimurium strain TA100, but not to TA98, indicating that it was
inducing base-pair substitution rather than frameshift mutations.  Some
French brandies and apple brandies were also mutagenic when concentrated
or fractionated (Loquet et^ al., 1981; Nagao et_ al. , 1981).
Extracts of relatively few fruits, vegetables, and beverages are
mutagenic. When Stoltz et al. (in press, a,b) fractionated extracts
of 28 beverages and 40 fruits and vegetables, only 3 beverages and 5
fruits and vegetables showed reproducible mutagenic activity.  The
activity of three of the fruits (strawberries, raspberries, and peaches)
was due to residues of the fungicide captan.  Quercetin accounted for
the mutagenicity of the remaining fruit and vegetable (raisins and
onions) as well as two of the beverages (red wine and grape juice). The
mutagen in coffee was not Identified.  This extensive survey of frac-
tionated extracts of 68 foods did not reveal the presence of any muta-
genic chemicals or foods that had not been previously reported.  Simi-
larly, Bjeldanes et al. (in press, a,b) found no significant mutagenic
activity in extraclfs~~of eggs, milk, cheese, or tofu unless they had been
cooked at high temperatures or to the point of darkening.  Thus, with
the exception of mutagens produced by cooking, It seems unlikely that
large numbers of mutagens remain to be discovered in common foods.
MODIFIERS OF MUTAGENIC ACTIVITY
A number of substances in food have been reported either to enhance
or to diminish the mutagenic activity of other substances. Most of
these effects have been observed in in. vitro test systems, and their
relevance to effects in intact mammals Is unknown.  Modifiers of muta-
genicity can be either comutagens or antimutagens.  A comutagen is a
substance that enhances the mutagenic activity of a chemical although
it is not in itself mutagenic.  This enhancement may take one of two
forms:  it may strengthen the mutagenic response of chemicals that are
themselves mutagenic or may create a mutagenic response from nonmutagens.
Similarly, an antimutagen is a substance that reduces or eliminates the
mutagenic activity of a mutagen.

